suggested that there was no structural relationship between these two isozymes. We have therefore considered the possibility that the "Hex A" that occurs in mouse X human hybrids in the absence of human Hex B is, in point of fact, not human Hex A. Accordingly, we have investigated the "Hex A" activity that is found in the absence of Hex B in a human X mouse hybrid cell line that contains human chromosome 15 but not human chromosome 5. Immunological studies indicate that this "Hex A" material contains a normal human a subunit and is most probably a hybrid molecule containing human and mouse components. The genetic control of Tay-Sachs and Sandhoff diseases is discussed in the light of our findings. (23) and the genes for mannosephosphate isomerase, pyruvate kinase, and "Hex A" have been assigned to chromosome 15 (16-19). Five of the resulting subclones were analyzed for the continued expression of the human enzyme markers.
glucohydrolase.) That the "hexosaminidase A" enzyme of these cells contains the human hexosaminidase-a subunit and not the human hexosaminidase-ft subunit is indicated by the cells' reactions to specific antisera prepared against the a subunit and against the ft subunit. Our results indicate that the "hexosaminidase A" activity in this hybrid cell line is the expression of a hybrid molecule composed of human hexosaminidase-a subunit and a mouse hexosaminidase subunit. These results are consistent with the hypothesis that the human hexosaminidase A enzyme is formed from a and , subunits coded for by genes on chromosomes 15 and 5, respectively.
Hexosaminidase (fl-N-acetylglucosaminidase; EC 3.2.1.30; 2-acetamido-2-deoxy-(3-D-glucoside acetamidodeoxyglucohydrolase) (Hex) in human tissues exists in two major forms, designated A and B, and several minor forms (1) (2) (3) (4) (5) (6) (7) (8) . These isozymes differ in electrophoretic mobility, immunological reactivity, and thermostability (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Deficiencies of Hex activity have been associated with at least two lipid storage disorders, Tay-Sachs disease (GM2 gangliosidosis, type B) (11) and Sandhoff disease (GM2 gangliosidosis, type 0) (12) . The former is characterized by a deficiency of Hex A (with increased Hex B activity) and the latter by an absence of both Hex A and B activities.
Structural and immunologic studies (13) (14) (15) (19, 20) suggested that there was no structural relationship between these two isozymes. We have therefore considered the possibility that the "Hex A" that occurs in mouse X human hybrids in the absence of human Hex B is, in point of fact, not human Hex A. Accordingly, we have investigated the "Hex A" activity that is found in the absence of Hex B in a human X mouse hybrid cell line that contains human chromosome 15 but not human chromosome 5. Immunological studies indicate that this "Hex A" material contains a normal human a subunit and is most probably a hybrid molecule containing human and mouse components. The genetic control of Tay-Sachs and Sandhoff diseases is discussed in the light of our findings. (24) . Cells for mannosephosphate isomerase, pyruvate kinase, and glucose-6-phosphate dehydrogenase electrophoresis were prepared as reported before (18) .
Starch gel electrophoresis was used to identify the human isozymes of mannosephosphate isomerase, pyruvate kinase, and glucose-6-phosphate dehydrogenase in the hybrid cell samples as described (18) . Cellulose acetate gel [Cellogel; (17 A and B (,B chain) were prepared as described (14) and purified by beads was similar to that described for antibody against Hex A chain bound to Sepharose beads.
RESULTS
Nine of the 13 hybrid clones derived from the fusion of hypoxanthine phosphoryltransferase-deficient mouse cells (IR) with human fibroblasts (DUV) carrying an X/15 translocation were found to express human mannosephosphate isomerase, pyruvate kinase, and "Hex A" and Hex B in addition to glucose-6-phosphate dehydrogenase. Growth of six of these hybrids in medium containing 6-thioguanine (45 ,ug/ml), which selects against retention of the X chromosome, resulted in the production of cell lines that had lost human mannosephosphate isomerase, pyruvate kinase, "Hex A", and glucose-6-phosphate dehydrogenase activities, but continued to express Hex B.
One hybrid line that expressed both "Hex A" and Hex B was subcloned and five daughter lines were established, three of which continued to express both Hex forms and two of which retained "Hex A" in the absence of Hex B.
Cell extracts of one of the hybrid subelones (designated 54-76 F4 Cl 2 sub 65, subsequently referred to as subelone 65), which is human "Hex A"+/Hex B-, the human parent line (DUV), and the mouse parent line (IR) were treated with Sepharose beads linked to antibody against ( chain and then assayed for residual Hex activity. The resulting activities were 93, 1.3, and 102%, respectively, of total Hex activity at the start, indicating that the hybrid subclone and the mouse line contained virtually no immunoreactive A chain of human Hex and that the Hex activity in the human parent was almost completely absorbed by the beads containing antibody against ( columns and their elution patterns recorded (Fig. 1) . The DUV extracts provided human Hex A and B markers. IR and subclone 65 treated with beads linked to antibody against ( chain both had a Hex peak that eluted like the human Hex B marker, while the subclone 65 extract demonstrated a "Hex A" peak that could not be seen in the IR extract.
The peak tubes for Hex A in the DUV extract and the corresponding peak in subclone 65 were removed similarly by antiserum against human a chain (Fig. 2) . The unchromatographed IR cell extract was not removed by this antiserum (Fig.   2 ).
The electrophoresis of samples treated with beads linked to antibody against (3 Both of these bands were retained after absorption with beads linked to antibody against ,3 chain. The "Hex A" band disappeared, however, when the hybrid cell extracts were treated with antiserum against a chain (Fig. 3) . Although a minor new band appeared which had a slower mobility than the "Hex A" band, this band did not appear when the extract of the same hybrid subclone was tested with beads linked to antibody against a chain (Fig. 4) . ORIGINwhich expresses human "Hex A" activity in the absence of Hex B reveals that: (a) this line does not contain an immunologically specific human Hex-f chain determinant, since it does not react with antiserum against (3 chain; (b) it continues to synthesize a human "Hex A" component as evidenced by its removal with antiserum against a chain. We propose that the "Hex A" material in the hybrid subclone is itself a hybrid molecule formed from a human component (the a-subunit) and a mouse component yet to be identified. The possible existence of such hybrid enzymes has been mentioned by several investigators (19, 26, 27) . The altered migration of "Hex A" in a hamster X human hybrid line has recently been demonstrated (28) .
The Hex band, which migrates less anodally than the mouse Hex band after the hybrid subclone 65 was treated with antiserum against a (lane 1, Fig. 3) , may represent the complex of a chain and its antiserum that was incompletely removed by centrifugation. A similar band also appeared in human parental cells treated with antiserum against a (lane 4, Fig. 3 ). Indeed, this more slowly migrating band was not observed in the hybrid subelone 65 (lane 2, Fig. 4 ) and human parental cell extracts (lane 1, Fig. 4 ) treated with antiserum against a chain linked to Sepharose beads.
The molecular and genetic relationships between Hex A and B have recently been elucidated (8, 15) . Hex A is comprised of two dissimilar polypeptide chains, the a and the ( chains, while Hex B is a homopolymer consisting of (3 chains. Tay-Sachs disease results from a deficiency of a chains, while Sandhoff disease is due to a deficiency of (3 chains (8, 15) . As could be predicted from the structure of Hex A and Hex B, production of Hex A was demonstrated in heterokaryons formed between Tay-Sachs and Sandhoff disease cells (29, 30) (16, 27) . Other laboratories, using mouse X human or Chinese hamster X human hybrids, have demonstrated the independent segregation of Hex A and B (19, 26, 28) . These and other studies (16) (17) (18) (19) have linked expression of Hex A to chromosome 15. No individual has ever been described in whom Hex A is present in the absence of Hex B. The electrophoretic demonstration of "Hex A"+/Hex B-hybrid clones by several laboratories (19, 26, 28) , including our own, however, is not an anomaly but appears to result from the cell hybridization process itself. The "Hex A" material is similar to the normal Hex A found in human tissues but can be differentiated from it by electrophoretic (28) and immunologic techniques. We, therefore, suggest that the "Hex A" material is a hybrid molecule formed from components contributed by both parents of the hybrid cells.
